Injection of spin currents into solids is crucial for exploring spin physics and spintronics 1,2 . There has been significant progress in recent years in spin injection into high-resistivity materials, e.g., semiconductors and organic materials, which uses tunnel barriers to circumvent the impedance mismatch problem 3-14 ;
room temperature. The ohmic contact case is the one showing the higher spin current injection in our experiments in contrast to the expectation in the case of spin injection by charge transport where the conductivity mismatch problem is present. Furthermore, the spin-pumping efficiency is demonstrated to be controlled electrically via electric modulation of the dynamical exchange interaction at the Ni 81 Fe 19 /GaAs interface, providing a clear picture of the dynamical spin injection.
The room-temperature spin injection through ohmic and Schottky contacts is observed using the inverse spin-Hall effect (ISHE) [19] [20] [21] [22] [23] . The ISHE converts a spin current into an electric voltage, enabling electric detection of the spin current. Figure 2a shows a schematic illustration of the samples used in this study. We measured the ferromagnetic resonance (FMR) signal and the electric-potential difference V between the electrodes attached to the GaAs layer to detect spin injection; as shown in Fig. 2a , in the FMR condition, the dynamical exchange interaction drives the spin pumping, injecting pure spin currents into the GaAs layer through the ohmic and Schottky contacts. This spin current flows in the GaAs layer, giving rise to an electromotive force E ISHE in the GaAs layer via the ISHE. In the ISHE process, when the spin current carries the spin polarization σ along the spatial direction j s , E ISHE is given by
Here, the dc component of σ is parallel to the magnetization-precession axis in the Ni 81 Fe 19 layer and j s is along the normal direction to the film plane as shown in Fig. 2a 23 . During the measurements, the Ni 81 Fe 19 /GaAs sample was placed at the center of a TE 011 microwave cavity with the frequency of f = 9.46 GHz. An external static magnetic field H was applied along the film plane (see Fig. 2a ). All of the measurements were performed at room temperature. 
the asymmetric component of V with respect to H, which allows us to eliminate heating effects arising from the microwave absorption from the V spectra (see Methods).Ṽ θ and V θ+180 • are the electromotive force V measured when the external magnetic field is applied at an out-of-plane angle of θ and θ + 180
• to the film plane (see Fig. 3c ), respectively. In Information section C for details), we obtain the pumped spin current at the interface:
is the spin-mixing conductance, which determines the spin-injection efficiency. Here, M s is the saturation value of the magnetization M. σ N and λ N are the electrical conductivity and the spin diffusion length of the GaAs layer, respectively. a c and τ sf N are the average distance between carriers and the spin relaxation time of carriers in the GaAs layer, respectively. The z axis is defined in Fig. 2a . Using the measured values of the magnitude of the electromotive force V ISHE (θ = 0) (see Fig. 3d The above experimental results suggest the possibility of electric control of the dynamical spin injection; the dynamical exchange interaction can be controlled by applying a bias voltage V in across the interface (see Fig. 4a ). In We demonstrated the versatility of the dynamical spin injection method by showing successful spin injection at room temperature with various cases, p-and n-type semiconductors through ohmic and Schottky interfaces using the same structure as in metallic systems; this method can be used as a versatile and powerful method for spin injection into a wide range of materials free from the impedance mismatch problem. We further provide a clear demonstration that dynamical spin injection can be controlled by applying a bias voltage, opening a route for a spin-current switch. Here, note that it is nontrivial that pure-spin-current injection is free from the impedance mismatch problem; e.g., the efficiency of spin injection using the spin-Hall effect in bilayer systems is limited by the impedance mismatch 26 . Furthermore, even in a magnetic p-n junction where the impedance mismatch plays a minor role, a space-charge region prevents spin injection at low bias 27 . Since the spin pumping method requires only magnetization precession in a FM/SC junction, this method can be combined with a wide range of FMR excitation elements, e.g., spin torque oscillators, enabling integration of this method into spintronics devices, such as semiconductor spin lasers 1 . Thus, this new spin-injection approach will pave the way toward the creation of room-temperature spintronic devices in a large selection of materials, promising dramatic advances in the field of spintronics. 
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